The present research work involve the development of a bilayer tablet of ciprofloxacin hydrochloride using a superdisintegranting agent (sodium starch glycolate) for the fast releasing layer and hydrophobic polymers like ethyl cellulose, acrycoat L100 and acrycoat S100 for the delayed releasing layer. Ciprofloxacin was used as a model drug. Tablets were prepared by wet granulation method. The prepared bilayer tablets were evaluated for angle of repose, bulk density, tapped density, Carr's index, Hausner's ratio at the precompression stage and thickness variation, weight variation, hardness, friability, drug content, disintegration time, in vitro drug release study at the post compression stage.. In vitro dissolution studies were carried out in a USP 24 apparatus I. In vitro dissolution kinetics followed the Higuchi model via a non-Fickian diffusion controlled release mechanism after the initial burst release. FT-IR studies revealed that there was no interaction between the drug and polymers. Statistical analysis (ANOVA) showed no significant difference in the cumulative amount of drug release after 15 min, but significant difference (p < 0.05) in the amount of drug released after 12 h from optimized formulations was observed. Present research work involves the development of a bilayer tablet of ciprofloxacin hydrochloride using a superdisintegrant for the fast releasing layer and hydrophobic polymers for the delayed releasing layer. There was the initial burst effect from the formulations to provide the loading dose of the drug, followed by sustained release to provide maintenance dose of the drug.
INTRODUCTION
The goal of any drug delivery system is to provide a therapeutic amount of the drug to the proper site in the body to achieve promptly, and then maintain, the desired drug concentration 1 . The idealized objective points important to the drug delivery, namely, spatial placement and temporal delivery of a drug. Spatial placement relates to targeting a drug to a specific organ or tissue, while temporal delivery refers to the controlling the rate of drug delivery to the target tissue. The multilayered tablet concept has been long utilized to develop sustained release formulations. Such a tablet has a fast releasing layer and may contain bi-or triple layers to sustain the drug release. The pharmacokinetic advantage relies on the fact that drug release from fast releasing granules leads to a sudden rise in the blood concentration. However, the blood level is maintained at steady state as the drug is released from the sustaining granules 2 . Two layer tablets may be designed for sustained release one layer for the immediate release of the drug and second layer for extended release thus maintaining a prolonged blood level. The weight of each layer can be accurately controlled in contrast to putting one drug of a combination product in a sugar coating. Bi-layer tablets are novel drug delivery systems where combination of two or more drugs in a single unit having different release profiles which improves patient compliance, prolongs the drug(s) action, avoid saw tooth kinetics resulting in effective therapy along with better control of plasma drug levels. Bi-layer tablets are very common for drugs such as captopril, metoprolol, amoxicillin and potassium clavulanate, propranolol hydrochloride, bambuterol hydrochloride etc 3 . In the present study ciprofloxacin was used as a model drug.
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[47] CODEN (USA): JDDTAO Ciprofloxacin is a broad-spectrum antibiotic belongs to a group called fluoroquinolones that is active against both Gram-positive and Gram-negative bacteria. It functions by inhibiting DNA gyrase, a type II topoisomerase, which is an enzyme necessary to separate replicated DNA, thereby inhibiting cell division. Ciprofloxacin is rapidly absorbed orally, but food delay absorption and first pass effect occurs.
The most prominent feature of ciprofloxacin is high tissue penetrability: concentration in lung, sputum, muscle, bone, prostate and phagocytes exceed that in plasma, but CSF and aqueous levels are lower. It excreted primarily in urine, both by glomerular filtration and tubular secretion, urinary and biliary concentration is 10 to 50 fold higher than plasma. Hence In comparison with the single sustain layer tablet, a double layer containing one immediate release compartment and one sustain release layer offers advantages 4 . The objective of the proposed work is to formulate a bi-layer tablet which can control the release time after oral administration, at a particular site and sustain the release of drug. This is especially useful for achieving controlled plasma level as well as improving bioavailability. Bi-layer drug shall be prepared using wet granulation method or may be by dry granulation techniques and study shall be employed to finalize the method for the preparation, on the basis of several physicochemical parameters. Final dosage form will be optimized statistically and shall be evaluated and optimized. 
MATERIALS AND METHOD

Materials
Methodology:
Formulation of the fast release layer:
The dose for the fast releasing layer and the delayed releasing layer of the tablets were calculated individually 5 . The fast release granules were prepared by wet granulation technique by blending the drug uniformly with sodium starch glycolate using starch paste (10% m/m) as binder as per the formulae given in Table 1 . The cohesive mass obtained was passed through a 1000μm sieve, dried at 60°C for 1 hour. The granules were again passed through a 1000μmscreen to break up agglomerates. The granules were then mixed with talc and magnesium stearate. Formulation of the sustained release layer:
The granules for sustaining layer of the tablets were also formulated by the wet granulation technique by mixing the drug individually with the polymer (acrycoat S100, ethyl cellulose and acrycoat L100) uniformly followed by lactose 6 . Starch paste (10% m/m) was incorporated as binder in the formulations ( Table 2 ). The sustaining granules were also subjected to similar processing steps as the fast releasing granules. Magnesium stearate 1
Preformulation Studies
The preformulation studies like angle of repose, bulk density, tapped density 3, 7 . Compressibility or Carr's index drug excipients compatibility studies, Hausner's ratio 8 were evaluated which was shown in table 3.
Compression of Bilayer tablets:
The granules for the sustained release layer was compressed lightly using a single punch-tableting machine (Rimek Mini Press 1,Shakti Engineering Ltd, India) equipped with 6.5mm round, flat and plain punches. Over this compressed layer, the required quantity of granules for the fast release layer were placed and compressed again to obtain the hardness of the resultant tablets in the range of 5-7 kg cm -2 .
Physical tests for Bilayer tablets 9-11
Standard physical tests for the bilayer matrix tablets were performed and average values were calculated. 20 tablets were individually weighed and then their average weight was calculated. The average weight was compared with the individual tablet weights and the weight variation was calculated. The hardness of the prepared tablets was determined by using Monsanto tablet hardness tester (Royal Scientific Pvt. Ltd, Chennai). Twenty tablets were weighted again, introduced into the plastic chamber of the friability apparatus (Electrolab, Mumbai), The apparatus was operated for 4 minutes at 25 rpm. These tablets were then again weighed and percentage loss in weight was calculated.
Determination of drug content in tablets:
Three tablets from each batch were selected randomly and transferred to 100ml volumetric flasks which were filled up with 0.1 (N) hydrochloric acid of pH 1.2 kept it for 24 hours, then took 1ml from each of volumetric flask and was transferred to the test tubes. Samples were then filtered, suitably diluted and analyzed spectrophotometrically at a wavelength of 277.5nm which is given in table 4.
Determination of in-vitro dissolution study:
Dissolution study was carried out in USP -II type dissolution apparatus (paddle type) in TDT 08L model (Electrolab, Kolkata). Dissolution study was performed at 50 rpm in 900ml of simulated gastric fluid of pH 1.2 for the first 2 hours and followed by simulated intestinal fluid of pH 6.8 phosphate buffer for the remaining hours. The temperature was maintained at 37 ± 0.2 o C. 5ml of sample was withdrawn at a predetermined interval and the volume of dissolution medium was maintained by adding same volume of dissolution medium each time. Then the sample was filtered through Whatmann filter paper. The absorbance of withdrawn sample was measured spectrophotometrically at 277.5 nm after suitable dilution and the corresponding concentration was determined from the respective calibration curve.
Statistical Analysis (One-way Analysis of Variance or ANOVA) 12 :
In-vitro drug release data from the optimized bilayer tablet formulations were subjected to the analysis of variance (ANOVA) at two different time intervals, likely at the first 15 minutes and at the 10 th hour using Graph Drug-polymer compatibility study using FT-IR spectrophotometer 11 :
FT-IR study was carried out to identify any possible drugpolymer interaction. The peaks of pure drug and pure individual polymers were compared to the mixtures of the same and any significant shifting of the band was noted as the sign of interaction which is shown in Figure. 
RESULT AND DISCUSSSION
In this preformulation study, prepared granules were evaluated for various physical properties shown in table 3.
The bulk densities for the granules of various formulations ranged between 0.502±0.654 gm/ml and 0.598±0.061 gm/ml, as determined by the tapped density method. This value of bulk density indicates of good packing character. The compressibility index (Carr's index) for all the formulations was found to be almost below 17%, indicating desirable flow properties. The flow properties of the granules were further analyzed by determining the angle of repose for all granules; it ranged between 19.66º±0.538º and 26.75º±0.735º. The value indicates good flow properties of granules with ethyl cellulose, acrycoatL100 and acrycoat S100 as matrix material. Hausner's ratio also calculated for the granules flow property determination and seems to be within the suitable range i.e.; below 2.5. The results of the preformulation study of drug and the physicochemical properties of the prepared tablets are given in table 4 accordingly. During preformulation study, FT-IR (Fourier Transform Infrared) spectrophotometer was used to determine the compatibility in between drug and polymers and with excipient. Study was carried out for the pure drug (Ciprofloxacin hydrochloride) alone and in combination with polymers (Ethyl cellulose, Acrycoat S100 and Acrycoat L100) and excipient (Sodium starch glycolate) under study shown in figure 1 to figure 4 . Major frequencies of functional groups of pure drug remained unchanged in presence of polymer. Hence, it seems that there is no major interaction between the drug and the polymers used in the study. 
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Figure 2: FTIR-Spectra of Ciprofloxacin hydrochloride with Acrycoat S100 
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Figure 4: FTIR-Spectra of Ciprofloxacin hydrochloride with Sodium starch glycolate
The release of ciprofloxacin hydrochloride from the prepared formulations was analyzed by different release kinetics model as shown in figure 5 to figure 9 . Simple visual observation of the plot shows an initial burst effect. From all the formulations, near 30% of the ciprofloxacin hydrochloride was released within the first 15 minutes of the dissolution study. This initial high amount of ciprofloxacin hydrochloride release can be attributed to the immediate release layer of the formulations.
In the formulations F1, F2, F3, as the proportion of the ethyl cellulose increases, the release rate of the drug decreases. Formulation F1 could not sustain the release beyond 7 hours where drug and EC was in a ratio of 1:0.5, whereas other formulations like F2 and F3 where drug and EC ratios were 1:1 and 1:1.5 respectively have shown the desired release profile over the test period of 10 hours. Therefore, formulation F2 was selected as the optimized formulation keeping in view that this formulation involves minimum amount of ethyl cellulose required to sustain the release of the contained drug for a period of 10 hours. It has been evidence that the formulation F2 was obeying the Higuchi release pattern with the R 2 value of 0.9539). For further confirmation of the drug release mechanism, results of the in-vitro dissolution data were fitted to the KorsmeyerPeppas kinetics model. The value of the release exponent (n) for the optimized formulation F2 was found to be 0.3756 indicating the release governed by Fickian diffusion. Similarly, formulations containing acrycoat L100 and acrycoat S100 were also examined to check their ability to sustain the drug release pattern. Formulations F4 and F5,where drug and acrycoat L100 was in a ratio of 1:0.5 and 1:1 respectively and formulations F7 and F8, where drug and acrycoat S100 ratio was 1:0.5 and 1:1 respectively were found to release maximum of the contained drug well before 12 hours i,e; within 10 hours. However, the formulation F6 and F9 where the drug was combined with acrycoat L100 and acrycoat S100 in a ratio of 1:1.5 each was found to sustain the release of the drug well above 12 hours since minimum drug release occurred within 10 hours from both the formulations. Hence, formulation F6 and F9 were selected as the optimized formulations. It has been evidence that the drug release from these formulations was obeying the Higuchi release pattern with the R 2 value of 0.9545and 0.9510 respectively. The Korsmeyer-Peppas release ( Figure  5 ) exponent (n) for the formulation F6 and F9 was found to be 0.394 and 0.397, indicating release governed by the Fickian diffusion.
The shape factor 'b' as a Weibull function was determined for each of the formulations ( Figure 6 ). Complex release mechanism i.e., the rate of release increases up to the inflection point and there after declines is seen if the b value is more than 1. It has been found that for all the formulations, b values were ranging in between 0.39 to 0.69 which clearly indicate that diffusion in fractional or disorder substrate and different from the percolation cluster. Almost all the formulations prepared with ethyl cellulose, acrycoat L100 and acrycoat S100 have found to be predominantly obeying the Higuchi kinetics, Zero order kinetics and Fickian diffusion in their drug release behavior after the initial burst release. Statistical analysis (using one-way ANOVA analysis) has been showed that no significant difference occurred in the amount of drug release after the first 15 minutes from the optimized formulations shown in table 5, since the p value is 0.8633.So it is evident that the initial burst of the fast release layer takes place from almost all the formulations irrespective of the polymer contents in them. Statistical analysis (using one-way ANOVA analysis) has shown that extremely significant difference occurred in the amount of drug release after the 10 th hours from the optimized formulations shown in table 8, as the p value is < 0.0001. So it is evident that the incorporation of different polymers in different ratios for sustaining the release of the contained drug resulted in the variation in the observations. 
CONCLUSION
The objective of the proposed work was to develop a Novel Drug Delivery System (NDDS) in the form of orally administered fast and slow releasing bilayer tablet containing Ciprofloxacin Hydrochloride. Polymers like ethyl cellulose, acrycoat L100 and acrycoat S100 in different ratios have been examined for matrix forming properties to regulate the release of contained drug. Proposed work was aimed at the delivery of the drug throughout a time span of up to 10 hours. Detailed investigation on the present topic has certainly added a newer dimension towards the controlled release of ciprofloxacin hydrochloride.
Present research work involve the development of a bilayer tablet of ciprofloxacin hydrochloride using a superdisintegranting agent (sodium starch glycolate) for the fast releasing layer and hydrophobic polymers like ethyl cellulose, acrycoat L100 and acrycoat S100 for the delayed releasing layer. There was the initial burst effect from the formulations to provide the loading dose of the drug, followed by sustained release to provide maintenance dose of the drug. Ciprofloxacin hydrochloride bilayer tablets were found promising and as potential alternative to the conventional dosage form of the drug.
